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Abstract: Toxicity-data of two carbamate insecticides, carbaryl and carbofuran, and three fungicides, 
ziram, zineb and mancozeb with rice-field N2-fixing cyanobacterium Cylindrospermum sp., obtained by 
in vitro growth and at soil-water interface, were analyzed by the probit method. Growth enhancing 
concentration, no-observed effective concentration, minimum inhibitory concentration, the highest 
permissive concentration and lethal concentration100 (LC100) were determined experimentally. The LC50 
values of carbaryl, carbofuran, ziram, zineb and mancozeb in N2-fixing liquid medium were 56.2, 588.8, 
0.07, 4.2 and 3.4 μg/mL, respectively, whereas the corresponding LC100 values were 100.0, 1500.0, 
0.17, 25.0 and 9.0 μg/mL, respectively. The LC50 values of these pesticides in succession in N2-fixing 
agar medium were 44.7, 239.9, 0.07, 1.8 and 2.3 μg/mL, respectively, whereas the corresponding LC100 
values were 100.0, 600.0, 0.17, 10.0 and 7.0 μg/mL, respectively. Similar results with nitrate 
supplemented liquid and agar media indicated that nitrate supplementation had toxicity reducing effect. 
The LC50 and LC100 values of toxicity in the N2-fixing liquid medium at soil-water interface were 91.2 and 
200.0 μg/mL for carbaryl, 2 317 and 6 000 μg/mL for carbofuran, 0.15 and 0.50 μg/mL for ziram, 16.4 
and 50.0 μg/mL for zineb, and 7.2 and 25.0 μg/mL for mancozeb, respectively. Each LC100 value at soil-
water interface with a pesticide was significantly higher than its corresponding LC100 value at liquid/agar 
media. It can be concluded that, under the N2-fixing conditions, the cyanobacterium tolerated higher 
levels of each pesticide at soil-water interface.   
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Etymologically defined by Food and Agriculture 
Organization (FAO), ‘food security is physical and 
economic access to quality food for all people always’, 
but today’s global food security has become a matter 
of concern for enormous food demands by rising 
populations and decreased productions of grains due 
to the use of farm-land for urbanization and industry, 
mainly. To fill up the gap, farm practices suitable for 
intensive agriculture are followed, which results in 
over use of farm lands. Since the start of global ‘green 
revolution’ in 1960s, commercial agriculture pursues 
the use of high-yielding varieties of crops, which need 
constant input of agrochemicals such as chemical 
fertilizers, pesticides and organic fertilizers. However, 
the addition of agrochemicals to any agro-ecosystems, 
rice fields for example, affects the dynamic equilibrium 
of soils (Bambaradeniya and Amerasinghe, 2003), by 
eliminating a part of non-target useful soil flora and 
fauna (Galhano et al, 2011). Diverse microbial events in 
detritus soil layer, linked to replenishments of general 
and mineral nutrition during crop growth, become jeopardy, 
due to pesticide applications (Ware and Whitacre, 
2004; Ferrero and Tinarelli, 2007). Obviously, pesticides 
help control pests for a good cropping and yield, but 
they also create several holistic anomalies in soil health 
as residual effects. In flooded rice soil particularly, the 
growth of photosynthetic N2-fixing cyanobacteria 
(blue-green algae) along with the crop causes the 
addition of nitrogenous compounds and ultimately 
helps the soil-binding process by cell-death. These 
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soil microbes get affected by pesticides used for rice 
(Panigrahi et al, 2003; Padhy et al, 2014).  
The field of ‘cyanobacteria and pesticides’ has been 
repeatedly reviewed (Padhy, 1985a; Pipe, 1992; Subrama-
nian et al, 1994; Koenig, 2001). The growth and N2-
fixation of cyanobacteria were recorded to be adversely 
affected by in vitro and in vivo applications of pesticides 
at field application levels (Koenig, 2001; Mishra et al, 
2005). Further, too many reports on the biochemical 
aspects of cyanobacteria under the pesticide stress have 
been accumulated (for example, Brusslan and Haselkorn, 
1988; Nirmal Kumar et al, 2012), with individual studies 
on toxicity of certain pesticide(s) on cyanobacteria, 
and those can be further compiled. However, the 
toxicity of pesticides on N2-fixing cyanobacteria at 
soil-water interface has yet not been demonstrated. 
Most common rice-pests, the brown planthopper 
(Nilaparvata lugens), green leaf hopper (Nephothettix 
virescens), stem borers (Scirpophaga incertulas, S. 
innotata, S. incertulas, Chilo suppressalis), the whorl 
maggot (Hydrellia philippia), water weevil (Lissorhoptrus 
oryzophilus) and a few more insects are controlled by 
two broad spectrum systemic carbamate insecticides, 
carbaryl and carbofuran, and these two insecticides are 
most often used in commercial rice cultivation (Pathak 
and Khan, 1994). Most common fungi attacking rice 
plants are species of Pyricularia, Helminthosporium 
and Puccinia, including several forms of imperfect 
fungi (Dean et al, 2012). The great Bengal famine 
caused death of several thousands of men, women and 
children during October, November and December 
1943 in the undivided Bengal (present West Bengal, 
India and Bangladesh), due to the spoilage of the 
year’s rice crop by the fungus, Helminthosporium 
oryzae (Padhy, 1985a). Presently, carbamate fungicides, 
ziram, zineb and mancozeb, are frequently used in 
tropical rice cultivation.  
Principles of ‘comparative effectiveness research’ 
suggest the use of organic manures for soil fertilization, 
at least in the modern intensive rice agriculture, since 
globally about 50% of the rice-areas is under intensive 
rice-farming in about 100 countries, which accounts 
for 75% of global rice production (Zeigler and Barclay, 
2008). However, Sesbania sesban (family Fabaceae) 
is grown as a biofertilizer in wet paddy fields, prior to 
puddling, owing to limited availability of organic 
manures. Because S. sesban is a higher plant, its 
decomposition and eventual enrichment of its N-
compounds remain slowly. However, filamentous, 
heterocystous N2-fixing cyanobacterial species of 
genera, such as Anabaena, Nostoc, Cylindrospermum, 
Aulosira, Tolypothrix, and Westiellopsis and several 
more taxa growing in the flooded soils, along with 
rice crop are known to maintain soil health by the 
addition of N-compounds, from times immemorial, 
when the use of urea was unknown (Swaminathan, 
1984; Prasanna et al, 2013). The use of urea in rice 
agricultural lands reduce soil-flora of N2-fixing 
cyanobacteria (Pattnaik and Singh, 1978; Othma et al, 
2013), as urea is an inhibiting factor to the cyanobacterial 
heterocyst (the site of N2-fixation) differentiation and 
the activity of nitrogenase complex therein (Pattnaik 
and Singh, 1978; Othma et al, 2013). Normally, N2-
fixing cyanobacteria grow readily in N-compound 
depleted soil. Thus, the growth of N2-fixing cyanobacteria 
in paddy fields was the natural mechanism of maintaining 
soil fertility, up to the end of the 19th century before 
the invention of industrial ammonia production. 
Furthermore, in parts of South Asia, Southeast Asia, 
Sub-Saharan Africa and Latin America with certain 
areas of low-land rice fields, where maintaining a 
water-logging condition for 3–4 weeks before puddling 
is not a problem, N2-fixing cyanobacterial biofertilizers 
are grown in fields in situ, before puddling without the 
use of any chemical N-fertilizers, and those are mixed 
with soil during puddling as biofertilizers, for a cost-
effective, sustainable and natural N-nutrition of rice 
(Padhy, 1985b; Whitton et al, 1988; Prasanna et al, 
2013), and this process in rice farming is called 
‘algalization’. As usual, super phosphate and potash 
are used as P and K chemical fertilizers during the 
growing stage of cyanobacterial biofertilizers. 
Carbaryl is the second most frequently used 
insecticide in Indian agriculture, the first one being 
benzene hexachloride. Published works on detailed 
toxicity of these five carbamate pesticides to cyanobacteria 
are limited. Synergistic toxic effects of carbaryl and 
its first hydrolytic product, 1-naphthol were recorded 
for Synechococcus elongatus (unicellular non-N2-fixer) 
and Nostoc linkcia, and carbaryl was more toxic than 
1-napthol (Megharaj et al, 1990). The activities of 
glutathione reductase (GR) and superoxide dismutase 
(SOD) in cells of N. muscorum are affected by 10 mg/mL 
carbaryl, and the stimulation of GR and SOD activities 
for a high production of H2O2, and a low level of 
glutathione were recorded under the carbaryl toxicity 
(Bhunia et al, 1993). Carbaryl and 1-napthol were found 
less toxic up to 1 kg/hm2 in soil, to N2-fixers, Anabaena 
sp. and Nostoc sp. (Megharaj et al, 2011). The non-
target effect of carbaryl was seen at a middle toxic 
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level at 40 µg/mL against N2-fixing Calothrix 
brevissima, at which level carbaryl caused decrease in 
carotenoids, chlorophylls, phycobilins and protein 
contents by 63%, 43%, 40% and 40%, respectively 
(Habib et al, 2011). Total carbohydrates, malondialdehyde 
and osmolytes, as well as the activities of SOD, 
ascorbate peroxidase and catalase had enhancements 
with all carbaryl treated concentrations below 40 µg/mL 
in C. brevissima. Carbaryl caused free radical 
meditated deleterious effects by the increased amount 
of malondialdehyde, but enzymes, SOD, catalase and 
osmolytes in cells under carbaryl influence involving 
free radical scavenging decreased (Habib et al, 2011).  
The insecticide carbofuran is toxic to the growth 
and N2-fixing capability of N. muscorum at 1 200 
mg/mL and its degradation by the cyanobacterium in 
vitro was recorded (Kar and Singh, 1978). Bloom-
forming cyanobacteria, Anabaena flos-aquae, Microcystis 
flos-aquae and M. aeruginosa, were tested with five 
carbamate insecticides in vitro, and their average acute 
toxicity levels to these cyanobacteria were in a 
descending order: carbaryl > carbofuran, propoxur and 
metolcarb > carbosulfan (Ma et al, 2006). 
The interaction of the present strain of Cylindrospermum 
sp. was recorded with two insecticides, carbaryl and 
carbofuran, and three fungicides, ziram, zineb and 
mancozeb, in an in vitro study (Panigrahy and Padhy, 
2000). Continuing the work, the toxicity study of 
these five pesticides on the cyanobacterium was done 
with soil for a simulation of field survival of the 
cyanobacterium in pesticide stress or for a mirror of 
pesticide toxicity in soil-water interface. This type of 
study was initiated with parathion-methyl and Cylindro-
spermum sp. (Panigrahi et al, 2003; Nirmal Kumar et al, 
2012). This study with this iconic cyanobacterium would 
help assessing the toxicity of carbamate pesticides 
individually, to an important class of soil microbe, in 
the soil environment. Additionally, the probit analysis 
of the data helped herein to assess digitally the 
magnitude of the in vivo toxicity. It is anticipated that 
this study would help for finalization of doses in the 
module of pesticide-fertilizer use in rice cultivation.  
MATERIALS AND METHODS 
Cyanobacterium and pesticides 
The filamentous, heterocystous, N2-fixing cyanobacterium, 
Cylindrospermum sp. (PK Singh strain), was originally 
isolated from a rice field. The cyanobacterium is 
planktonic and grows ordinarily in water-logged rice 
fields. Each filament has two polar heterocysts with 
15 ± 3 intercalary vegetative cells. It grows in a 
characteristic way that when the filament exceeds a 
threshold number of vegetative cells, two heterocysts 
are differentiated in the middle of the filament and at 
maturity the filament divides into two filaments 
between two new heterocysts. It forms a suspension of 
hand-shaken batch liquid cultures. Growth conditions 
of the cyanobacterium with liquid and agar Chu-10 
medium under the N2-fixing condition (C-N medium) 
and the same with calcium nitrate supplementation (C+ 
N medium) were detailed elsewhere (Padhy et al, 
2014). Insecticides, carbaryl and carbofuran as well as 
fungicides, ziram, zineb and mancozeb, were used. 
Their chemical names are as follows: carbaryl, 1-
naphthyl methyl carbamate; carbofuran, 2,3-dihydro-
2,2-dimethyl-7-benzofuranyl methylcarbamate; ziram, 
zinc dimethyl dithiocarbamate; zineb, zinc ethylene-
bisdithio-carbamate; and mancozeb, zinc ion and 
manganese ethylene-bisdithiocarbamate. The following 
pesticides in commercial formulations of pesticides 
were used: carbaryl, Sevin 50W (Union Carbide); 
carbofuran, Furadan-3G (Rallis); ziram, Cuman L 
(Ciba-Geigy); zineb, Dithane Z-78 (Indofil Chemicals); 
and mancozeb, Dithane M-45 (Indofil Chemicals), 
which have the respective field doses (kg/hm2): 3.5 
Sevin 50W, 12.5 Furadan-3G, 4.0 Cuman L, 7.5 Dithane 
Z-78, and 10.0 Dithane M-45. The standard inoculum 
at or below 3.5 × 104 CFU/mL was used for liquid 
medium, and the standard inoculum and two lower 
inocula (4.0 × 103 and 1.4 × 103 CFU/mL) were used for 
agar medium. Growth enhancing concentration (GEC), 
no-observed effective concentration (NOEC), minimum 
inhibitory concentration (MIC), the highest permissive 
concentration (HPC), lethal concentration100 (LC100) were 
determined experimentally. Liquid cultures from LC100 
levels were centrifuged for 10 min at 5 000 r/min and 
pellets were grown in fresh pesticide-free medium for 
10 d. No increase in turbidity confirmed LC100 levels. 
In vitro soil toxicity 
Soil-toxicity of individual pesticides to the cyano-
bacterium was assessed. Sun-dried garden loam soil 
(pH 6.5) was distributed in 25g-lots in 17 mm × 150 
mm Petri plates. Stock solutions of pesticides (commercial 
formulations) were prepared in C-N medium at final 
concentrations: carbaryl at 0, 40, 80, 120, 160, 180 
and 200 µg/mL; carbofuran at 0, 1 000, 2 000, 3 000, 
4 000, 4 500, 5 000 and 6 000 µg/mL; ziram at 0, 0.10, 
0.15, 0.20, 0.30, 0.40 and 0.50 µg/mL; zineb at 0, 10, 
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20, 30, 40 and 50 µg/mL and mancozeb at 0, 5, 10, 15, 
20 and 25 µg/mL. Soil samples in Petri plates were 
made wet using aliquots of 15 mL of individual 
pesticides solutions. Cultures of Cylindrospermum sp. 
at log-phase of growth, at a higher inoculum and a 
lower inoculum (4.0 × 103 and 1.4 × 103 CFU/mL) 
were released in aliquots of 0.5 mL onto dry Whatman 
No. 1 circular filter paper with 9 or 10 droplets. 
Cyanobacterium-laden filter papers in triplicates were 
kept on touching the wet soil, after 4 h of flooding of a 
pesticide solution of the soil on Petri plates. Light was 
provided from top of plates in the culture room. After 
3 d, filter papers were removed and re-soaked in large 
trays with enough running tap water for 2 h. 
Thereafter, the filter papers were transferred onto C-N 
agar plates on which, those (filter papers) were kept in 
inverted position, so that cyanobacterial spots touched 
the nutrient agar. Agar plates were reverted to normal 
position after one day with filter papers inside them. 
At the end of 7 d, colony counts were done after 
removing the filter papers, detailed elsewhere 
(Panigrahi et al, 2003). Percent lethality values of 
growth data in liquid and solid media under pesticide 
stress were recorded and probit transformations of 
those values were done as described by Rath et al 
(2011). Probit analysis yielded LC25, LC50 and LC75 
values additionally for all toxicity results, as LC25 and 
LC75 values help assessing the experimentally obtained 
MIC and HPC values, respectively. 
RESULTS 
In vitro toxicity in liquid and agar media  
GECs, NOECs, partial lethal ranges as MICs and 
HPCs, and LC100s in liquid C-N and C+N media were 
determined for each pesticide against the cyano-
bacterium, based on mean CFU/mL on the 7th day 
after inoculation. Similarly, HPC and LC100 values of 
these pesticide-toxicity studies to the cyanobacterium in 
agar media were documented (Table 1). Further, 
percent lethality values of the cyanobacterium in both 
types of liquid and agar media for each pesticide and 
their probit transformation values were determined 
(Supplemental Tables 1 and 2). Using those values, 
further computational analyses were done. 
Log10 values of pesticide concentrations in abscissae 
and corresponding probits of percent lethality values 
in ordinates were plotted separately for each pesticide 
(Fig. 1, Supplemental Tables 1 and 2). For probit 
values, 4.3255, 5.0000 and 5.6745, corresponding to 
LC25, LC50 and LC75, respectively, log10 values of all 
pesticide concentrations were determined from the 
figure by extrapolation (Supplemental Tables 1 and 2). 
Further, those antilog values yielded the desired LC25, 
LC50 and LC75 values for C-N and C+N liquid, as well 
as for agar media, for each pesticide (Table 2). For 
example, LC50 values for these pesticides were given 
against each (µg/mL): carbaryl (56.2), carbofuran 
(588.8), ziram (0.07), zineb (4.2) and mancozeb (3.4) 
in the liquid C-N medium; similarly, LC100 values 
were (µg/mL): carbaryl (100.0), carbofuran (1 500.0), 
ziram (0.17), zineb (25.0) and mancozeb (9.0) in the 
liquid C-N medium. In the liquid C+N medium, LC50 
values were (µg/mL): carbaryl (43.7), carbofuran 
(288.4), ziram (0.08), zineb (13.4) and mancozeb (4.2), 
while LC100 values were (µg/mL): carbaryl (100.0), 
carbofuran (2 000.0), ziram (0.20), zineb (30.0) and 
mancozeb (9.0) in the liquid C+N medium (Table 2). 
Table 1. Toxic ranges of Cylindrospermum sp. due to carbamate pesticides in liquid and agar media.                                                         (µg/mL) 
Pesticide Medium 
Liquid culture 
 
Agar medium 
GEC NOEC 
Partial lethal range 
LC100 HPC LC100 
MIC HPC 
Carbaryl C-N  NO 10 20 80 100 80 100 
C+N  NO 10 20 100 120 80 100 
Carbofuran C-N  25 50 100 1 500 2 000 500 600 
C+N  25 50 100 2 000 3 000 500 600 
Ziram C-N  0.01 0.02 0.50 0.13 0.17 0.15 0.17 
C+N  0.01 0.02 0.50 0.13 0.20 0.15 0.17 
Zineb C-N  NO 0.5 1.0 15.0 25.0 5.0 10.0 
C+N  NO 0.5 5.0 20.0 30.0 5.0 10.0 
Mancozeb C-N  NO 0.5 1.0 7.0 9.0 5.0 7.0 
C+N  NO 0.5 1.0 7.0 9.0 5.0 7.0 
C-N, Cyanobacterium grows with liquid and agar Chu-10 medium under the N2-fixing condition; C+N, Cyanobacterium grows with liquid and 
agar Chu-10 medium and calcium nitrate supplementation under the N2-fixing condition; GEC, Growth enhancing concentration; NOEC, No-
observed effective concentration; MIC, Minimum inhibitory concentration; HPC, Highest permissive concentration; LC100, Lethal concentration 100; 
NO, No growth enhancing dose was observed in standard inoculums at or below 3.5 × 104  CFU/mL. 
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LC50 values of carbaryl, carbofuran, ziram, zineb and 
mancozeb in the N2-fixing agar medium were 44.7, 
239.9, 0.07, 1.8 and 2.3 µg/mL, respectively, while 
the corresponding LC100 values were 100.0, 600.0, 
0.17, 10.0 and 7.0 µg/mL.  
LC50 values of carbaryl, carbofuran, ziram, zineb 
Fig. 1. Probits of percent lethality plotted against log10 concentrations of five pesticides carbaryl, carbofuran, ziram, zineb and mancozeb in 
toxicity studies of Cylindrospermum sp. in liquid medium and agar medium.  
Values of LC25, LC50 (extrapolation by broken lines) and LC75 were extrapolated from the respective lines drawn for connecting probit points. 
The upper-side scale of log10 concentration was the data of soil-water interface.  
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and mancozeb in nitrate supplemented agar medium 
were 55.0, 223.9, 0.07, 1.8 and 2.0 µg/mL, respectively, 
while the corresponding LC100 values were 100.0, 
600.0, 0.17, 10.0 and 7.0 µg/mL, for pesticides cited 
in the order (Table 2). 
In vitro soil toxicity   
LC50 values determined by the probit method and 
experimentally determined LC100 values of the five 
pesticides at soil-water interface were monitored on 
the C-N agar media (Table 2). For carbaryl 91.2, 
carbofuran 2 317.0, ziram 0.15, zineb 16.4, and 
mancozeb 7.2 µg/mL, were recorded as LC50 values, 
whereas LC100 values were: carbaryl 200.0, carbofuran 
6 000.0, ziram 0.50, zineb 50.0, and mancozeb 25.0 
µg/mL. 
Studies with soil and the five individual pesticide 
solutions revealed that the cyanobacterium tolerated 
higher levels of these five pesticides than the 
respective LC100 levels, in the C-N liquid/agar media. 
The cyanobacterium tolerated carbaryl at 180 µg/mL 
level at soil-water interface (Table 3), but the LC100 
value was 100 µg/mL in the C-N agar culture (Table 
1). Carbofuran was tolerated at 5 000 µg/mL, ziram at 
0.40 µg/mL, zineb at 40 µg/mL and mancozeb at 20 
µg/mL at soil-water interface by the cyanobacterium 
(Table 3). These tolerable levels of individual 
pesticides were far more than respective LC100 levels 
in the C-N liquid or solid cultures (Tables 2 and 3). A 
double inoculum size did not affect LC100 levels of 
these pesticides individually at soil-water interface in a 
3-day exposure period (Table 3). Probit transformation 
of the percent lethality data of soil-water interface 
were plotted for extrapolation of LC50 values for each 
pesticide. LC50 and LC100 values of toxicity at soil-
water interface were (µg/mL): 91.2 and 200.0 for 
carbaryl, 2 317.0 and 6 000.0 for carbofuran, 0.15 and 
0.50 for ziram, 16.4 and 50.0 for zineb, and 7.2 and 
25.0 for mancozeb, respectively (Table 2). It is 
discernible that at soil-water interface experiments, 
LC50 and LC100 values due to each pesticide were 
significantly higher than the corresponding LC50 and 
LC100 values of toxicity in the liquid or agar media. 
DISCUSSION 
Tolerable toxic levels of individual carbamate 
pesticides in this study at soil-water interface were far 
more than LC100 levels in the C-N liquid and agar 
cultures, and this fixated analysis could give digital 
levels of in vivo toxicity to the cyanobacterium. 
However, in field conditions, any applied pesticides 
would cause some higher ambient concentrations, just 
for a few hours after application, which would be 
enough to eliminate certain growing forms of 
cyanobacteria in the paddy fields. This situation 
should continue till the applied pesticide is volatilized/ 
leached with agricultural run-offs/unavailable by 
sorption to soil particles/detoxified by soil enzymes to 
less harmful products/co-metabolized by active soil 
microorganisms including cyanobacteria themselves 
(Padhy, 1985a, b). Further, carbaryl, zineb and mancozeb 
had no growth promoting dose for this cyanobacterium, 
which indicated that these toxic chemicals are not co-
metabolized by the cyanobacterium. 
Insecticides, organotins and pyrethoids were seen 
against three species of cyanobacteria, and the toxicity 
was in a decreasing trend, fentin hydroxide > cyhexatin > 
azocyclotin > fenbutatin oxide > beta-cyfluthrin. In 
addition, cyanobacteria had greater tolerance capacity 
to these insecticides compared with green algae. Thus, 
a dominant bloom was seen by green algae without 
pesticide applications, while their application led to 
the dominance of cyanobacteria in a Chinese stagnant 
Table 2. Toxic ranges of Cylindrospermum sp. of two insecticides and three fungicides in liquid and agar C-N and C+N media as well as 
toxicity at soil-water interface monitored on C-N agar media.                                                                                                                 µg/mL 
Pesticide Medium 
Lethal range in liquid medium 
 
Lethal range in agar medium 
 
Lethality in soil-water 
interface 
    LC25      LC50  LC75   LC100      LC25     LC50     LC75 LC100 LC50 LC100 
Carbaryl C-N  28.2 (1.45) 56.2 (1.75) 58.9 (1.77) 100.0 27.5 (1.44) 44.7 (1.65) 67.6 (1.83) 100.0 91.2 200.0 
C+N  33.9 (1.53) 43.7 (1.64) – 120.0 34.7 (1.54) 55.0 (1.74) 70.8 (1.85) 100.0 – – 
Carbofuran C-N  158.5 (2.20) 588.8 (2.77) – 1 500.0 147.9 (2.17) 239.9 (2.38) 363.1 (2.56) 600.0 2 317.0 (3.36) 6 000.0 
C+N  123.0 (2.09) 288.4 (2.46) 758.8 (2.88) 2 000.0 147.9 (2.17) 223.9 (2.35) 338.8 (2.53) 600.0 – – 
Ziram C-N  0.05 (-1.35) 0.07 (-1.15) – 0.17 0.05 (-1.29) 0.07 (-1.12) – 0.17   0.15 (-0.82) 0.50 
C+N  0.04 (-1.35) 0.08 (-1.06) – 0.20 0.04 (-1.38) 0.07 (-1.12) – 0.17 – – 
Zineb C-N  1.6 (0.20) 4.2 (0.62) 13.5 (1.13) 25.0 1.5 (0.16) 1.8 (0.25) 3.2 (0.50) 10.0   16.4 (1.21) 50.0 
C+N  – 13.4 (1.13) – 30.0 1.5 (0.17) 1.8 (0.26) 3.0 (0.47) 10.0 – – 
Mancozeb C-N  2.3 (0.37) 3.4 (0.53) 4.8 (0.68) 9.0 0.9 (0.09) 2.3 (0.37) 3.3 (0.52) 7.0    7.2 (0.86) 25.0 
C+N  2.6 (0.42) 4.2 (0.62) 5.6 (0.75) 9.0 1.3 (0.10) 2.0 (0.31) 3.0 (0.47) 7.0 – – 
LC25, LC50 and LC75 values were computed by the probit method and LC100 values were from experimental data. 
Numerals in parenthesis indicate the corresponding log10 concentration computed by extrapolation. 
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water body (Ma, 2005). With 10 fungicides including 
benomyl, 142 isolates of heterocystous filamentous 
cyanobacteria from Korean paddy soils were 
interacted. Except Nostoc sp., all cyanobacteria were 
adversely affected (Kim and Lee, 2006). Rice field 
cyanobacteria, Anabaena fertilissima, Aulosira fertilissima 
and Westiellopsis prolifica in the presence of sub-
toxic levels of insecticides 2,4-dichlorophenoxyacetic 
acid (2,4-D), pencycuron, endosulfan and tebucunazole 
had adverse effects on protein synthesis, monitored by 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(Nirmal Kumar et al, 2011). Four cyanobacterial 
species, Nostoc ellipsosporum, Scytonema simplex, 
Tolypothrix tenuis and W. prolifica were used in a 
toxicity study with fungicides and insecticides. The 
results showed that bagalol inhibited nitrogenase and 
glutamine synthatase activities in N. ellipsosporum 
and S. simplex, while insecticides thiodan and phorate 
had maximum toxicity in Tolypothrix tenius and W. 
prolifica (Debnath et al, 2012). Mancozeb had a 
comparatively lesser activity on isocitrate dehydrogenase 
and isocitrate lyase activities in cell free extracts, but 
the activity of the later was reduced drastically under 
the pesticide stress (Debnath et al, 2012). The 
fungicide tebuconazole had a lesser damaging effects 
on the DNA of two cyanobacteria A. fertilissima and 
W. prolifica; 16S rRNA structure was damaged by 
insecticide endosulfan in both cyanobacteria, as 
recorded by the PCR based assay (Nirmal Kumar et al, 
2013).  
Since all organisms on the earth have descended 
through organic evolution, they have many biochemical 
patterns in cells common among them. When a 
chemical is applied against one organism that occurs 
Table 3. Colony-counts on C-N agar plates of Cylindrospermum sp. after contact of filaments with wet soil (soil-water interface) with 
individual pesticides. 
Pesticide 
Pesticide (log10 concentration) 
(µg/mL) 
Number of colonies on C-N agar 
Probit of percent lethality  
Higher inoculation Lower inoculation 
Carbaryl  
(inocula on filter paper: 3.6 × 103 and 
1.8 × 103 CFU/mL) 
0 CG 224 (0.0) – 
  40 (1.60) CG 201 (10.3) 3.7354 
  80 (1.90) CG 172 (23.3) 4.2710 
120 (2.08) 258   83 (63.0) 5.3319 
160 (2.20) 106   41 (81.7) 5.9040 
180 (2.26)   19     7 (96.9) 6.8663 
200    0 0 – 
Carbofuran  
(inocula on filter paper: 4.0 × 103 and 
2.0 × 103 CFU/mL) 
0 CG 235 (0.0) – 
1 000 (3.00) CG 220 (6.4) 3.4780 
2 000 (3.30) CG 117 (50.3) 5.0075 
3 000 (3.48) CG   85 (63.9) 5.3558 
4 000 (3.60) 102   51 (78.3) 5.7824 
4 500 (3.65)   56   35 (85.2) 6.0450 
5 000 (3.70)   12     2 (99.2) – 
6 000 0 0 – 
Ziram  
(inocula on filter paper: 3.8 × 103 and 
1.4 × 103 CFU/mL) 
0 CG 207 (0.0) – 
0.10 (-1.00) CG 183 (11.6) 3.8048 
0.15 (-0.82) CG   91 (56.1) 5.1535 
0.20 (-0.70) 78   43 (79.3) 5.8169 
0.30 (-0.52) 47   21 (89.9) 6.2759 
0.40 (-0.40)   3 0 – 
0.50   0 0 – 
Zineb  
(inocula on filter paper: 3.2 × 103 and 
1.6 × 103 CFU/mL) 
0 CG 221 (0.0) – 
10 (1.00) CG 179 (19.1) 4.1258 
20 (1.30) 167   92 (58.4) 5.2121 
30 (1.47)   62   26 (88.3) 6.1901 
40 (1.60)   34   12 (94.6) – 
50     0 0 – 
Mancozeb 
 (inocula on filter paper: 4.1 × 103 
and 2.0 × 103 CFU/mL) 
0 CG 243 (0.0) – 
  5 (0.70) CG 158 (35.0) 4.6147 
10 (1.00) 214   93 (61.8) 5.3002 
15 (1.18) 105   63 (74.1) 5.6464 
20 (1.30)   23   17 (93.1) 6.3469 
25    0 0 – 
CFU, Colony forming unit; CG, Confluent growth.  
Numerals in parenthesis, in the pesticide column are log10 values of concentrations of pesticides. Values are mean of triplicate colony counts. 
The inoculums-sizes for each pesticide are given against each row. Data of the second experiment are given. Probit values are not given. 
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as a pest, effectively to kill it, other non-target section 
of the biota also gets affected. Thus, using a chemical 
weapon in the form of a pesticide against one 
organism, the natural balance of an ecosystem is 
altered, through malfunctioning/moratorium of many 
natural processes in soils. By the by, the 
biomagnification problem is triggered, if the applied 
pesticide has a heavy metal component or generates 
by a degradative mechanism, a recalcitrant or itself is 
a recalcitrant molecule. This situation is well-
illustrated during toxicity of naphthalene from the 
water soluble fraction of crude petroleum and its 
degraded products (Padhy, 1985a). As known, the 
insecticide, dichlorodiphenyltrichloroethane (DDT) 
and the herbicide, 2,4,5-trichlorophenoxyacetic acid 
(2,4,5-T) are recalcitrant pesticides that have been 
banned for further use. Unquestionably, all modern 
pesticides do not have any recalcitrant components in 
them, but the universal seed dresser HgCl2 and alkyl 
mercury compound have been creating persisting 
biohazard by bioaccumulation of Hg, as one of several 
Hg sources (USEPA, 1999; Gray, 2002).  
In this study, the toxicity pattern of used pesticides 
to Cylindrospermum sp., can be arranged in a decreasing 
trend, ziram > zineb > mancozeb > carbaryl > 
carbofuran. Commercial formulations of pesticides 
were used, since those have agricultural importance 
unlike their active ingredients. Particularly, carbaryl 
degrades to a more stable product 1-naphthol by 
hydration. Thus, the recorded carbaryl toxicity would 
be a priory, toxicity of carbaryl and readily degraded 
residues including 1-naphthol. The half-lives of 
carbaryl on the most soils ranged from 8 to 18 d and 
carbaryl is degraded much faster in topsoil than in 
subsoil. The absence of growth enhancement in 
Cylindrospermum sp., with carbaryl when compared 
with carbofuran was due to ready co-metabolization of 
carbofuran. Thus, the use of carbofuran should be 
readily promoted in rice farming practices. The most 
important characteristic from the angle of cyanobacterial 
biofertilizers would be promotion of a pesticide, 
which should not have a long lasting non-target effect 
on soil environment. Nevertheless, synthetic chemicals 
with short half-lives and less non-target effects are 
promoted as pesticides. Anyway, ziram and zineb are 
the two most deterioration-promoting fungicides and 
these fungicides should be used with prudence and 
their field doses need to be reconsidered, as from the 
damages on cyanobacteria it could be imagined, other 
useful soil microorganisms would be suffering non-
target damaging effects. The LC100 doses of each 
pesticide cited herein should help the ‘research and 
development’ units of pesticide manufacturing 
establishments, for resetting the field doses. In an 
earlier study, Cylindrospermum sp. was recorded to be 
heavily affected during the transformation of cells to 
akinetes as well as, akinete germination (Panigrahy 
and Padhy, 2000). Use of biofertilizers instead of 
organic farmyard manure should be promoted, 
because the later promotes the growth of pathogenic 
fungi, particularly Aspergillus fumigatus in the 
developing crops. The endotoxin of A. fumigatus 
emitted during decomposition was recorded to disturb 
the crop and soil environment (Millner et al, 1994).  
CONCLUSIONS 
It could be concluded that, under N2-fixing conditions, 
the cyanobacterium tolerated higher levels of each 
pesticide at soil-water interface. Thus, it would be an 
unbecoming to draw comments on the toxicity of 
pesticides from in vitro toxicity studies with 
cyanobacteria and a priory on several other soil 
microorganisms, but the toxicity work on soil-water 
interface gives a blurred image of real soil situation. 
Further, in modern commercial agriculture, the use of 
pesticides has become an essential practice and the 
rates at which those are applied (recommended field 
application doses) should destroy the cleanly/aesthetic 
totem of our soil and water, since applied pesticides 
and their residues often leach to other crop fields, 
prima facie. However, the permanent water bodies are 
the ultimate sinks in inland waters for pesticides and 
all other chemical pollutants, as it is known. 
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liquid and solid media in N2-fixing and nitrate 
supplemented (C+N) Chu-10 media. 
Supplemental Table 2. Probit transformation of 
lethality of fungicides to Cylindrospermum sp. in 
liquid and agar media in N2-fixing (C-N) and nitrate 
supplemented (C+N) Chu-10 media. 
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